This paper evaluates the causal effect of the Child Support Grant (CSG) implemented in South Africa on household food consumption and dietary diversity. The analysis uses the National Income Dynamics Study (NIDS) covering 2008, 2010-2011 and 2012, and carries out a regression discontinuity design exploiting the increase in the age limit criteria for eligibility for the program. Our results show that the CSG have proved to be effective in increasing total food expenditure per adult equivalent but has not significantly changed the dietary habits of the beneficiary households, nor has the program resulted in any stronger effect for the most vulnerable subgroups of the beneficiary population. To analyse the external and internal validities of the results, a comparison between non-parametric, semi-parametric and parametric estimates is presented.
Introduction
A number of studies have recently evaluated the impact of cash transfers (CTs) targeted to the poorest and most vulnerable people in sub-Saharan African countries, and a positive role in promoting human capital, health and productive activities has been documented (World Bank 2015) . CTs may also affect food security because, by addressing the lack of purchasing power of poor households, they contribute to improving food purchases and access to more good-quality food (Alderman 2014; Bassett 2008) . However, the evidence on the impact of CTs on food security in sub-Saharan Africa is not conclusive, since it is still not clear in what conditions they increase the consumption level of food and whether consumption gains are translated into improved nutritional status for household members (Alderman 2014; Manley et al. 2013; Slater et al. 2014) .
In this paper we contribute to this literature by evaluating the impact on food security of the Child Support Grant (CSG), a CT program introduced in South Africa in 1998 with the aim of supporting children in poverty and poor households. At the demise of the apartheid regime in 1994, South Africa underwent significant political and social advances and rapid economic growth, both of which have led to steady progress in reducing poverty Leibbrandt and Levinsohn 2011) . However, food insecurity remains widespread: 35% of the population is vulnerable (Kirsten 2012) and about 25% of children under age of 6 are classified as stunted by malnutrition (Manyamba et al. 2012) . Food insecurity in South Africa is not due to a shortage of food, but rather to insufficient access as a result of structural poverty and inequality dynamics with a strong racial footprint (Aliber 2001; Du Toit 2011; Manyamba et al. 2012) . In this context, CT programs aimed at eradicating extreme poverty 1 play a central role in addressing food insecurity and represent one of the pillars of the Integrated Food Security Strategy established in 1996 (South African Department of Agriculture 2002), although, to date, South Africa has no CT aimed at reducing food insecurity directly.
Although the CSG is the major CT program, its impact on food security has only been analysed in a few studies. Using data from the General Household Survey and the Labor Force Survey, Williams (2007) found that CSG beneficiaries aged between 7 and 17 years more probably attended school and suffered less hunger. Analysing an original survey of households in low-income areas and focus group discussions, Delany (2008) found that beneficiary households allocated a larger proportion of their expenditure to essential goods, such as food, and that more than three-quarters of the CSG recipients stated that food was the main expenditure covered by the grant. Samson et al. (2008) showed a reduction in hunger among children under 7 years of age, using a household panel extracted by the EPRI (Economic Policy Research Institute) from repeated cross-sections of the National General Household Surveys. Agüero et al. (2010) , using data from the KwaZulu-Natal Income Dynamic Study, evaluated the impact of the CSG on anthropometric indicators which are widely used in nutritional assessment. Focusing on children in the first 36 months of life, the study found that the CSG improved childhood nutrition as measured by child height-for-age. Last, Coetzee (2013) evaluated the same impact in children under 14 on health, nutrition and education and found a few positive effects on the well-being of beneficiary children. Overall, these studies indicate that the CSG has positive effects on outcome variables connected to food security. However, a proper evaluation of this connection is still lacking. This paper partially fills the gap by evaluating the causal impact of the CSG on the food expenditure of the beneficiary households 2 with a fuzzy regression discontinuity (RD) design. On the basis of a longitudinal survey provided by the National Income Dynamics Study (NIDS) covering 2008, 2010-2011 and 2012 , the paper exploits the discontinuous variation induced by the expansion in eligibility due to child age criteria. As from January 1 2010, eligibility for the CSG was extended for children born on or after January 1 1994 until their 18th birthday; those born before 1994 lost eligibility at age 14. As a result of this policy change, a discontinuous increase occurred in the probability of 1 South Africa has several types of social grants targeted to children, older persons and people with disabilities, amounting to 3.5/4 percent of GDP (Department Social Development 2010) . By March 2015, these programs had reached almost 16.5 million people, representing more than 25% of the population (South African Social Security Agency, SASSA 2015).
being a CSG beneficiary during the age interval 14-17 for children born after January 1 1994. This discontinuity provides a natural experiment for examining the causal effects of the program across birth cohorts. Using this identification structure, we explore whether CSG participation is effective in improving total food expenditure per adult equivalent and dietary diversity 3 for the beneficiary families who have a child that was eligible up to the age of 18.
In this perspective, we estimate the effect of the CSG by using the local polynomial (LP) estimator (Calonico et al. 2014) and then compare the results with the parametric estimates obtained with an instrumental variable (IV) approach.
Three major concerns arise in this analysis. First, the regression discontinuity estimates are valid locally, where "locally" means only for the birth cohorts close to the January 1 1994 cutoff. However, we are interested in more general causal effects not restricted to these cases. The external validity of the evaluation requires that the outcomes for the treated and non-treated populations away from the cutoff to be constant. To check whether the external vality assumption holds, we analyse the constancy of the local average treatment effect (LATE) for birth cohorts away from the January 1 1994 cutoff by comparing the results obtained from the IV estimator with those from the inverse distance weight (IDW) estimator 4 . Since the IDW provides higher weights for cohorts near the cutoff, if the LATE is constant, we do not expect to find significant differences between the IDW and IV estimates.
Secondly, not all households with a child in the eligible age range receive the CSG, since they must also meet an eligibility requirement based on income means test scores, and this criterion has changed over time. A selection bias may therefore emerge if we do not take into account how participation in the program varies with changes in the income requirement. The database does not allow us to examine these changes explicitly. In addition, since households may manipulate their income to satisfy the income eligibility criteria, the internal validity assumption may be violated. To overcome these shortcomings, following van der Klaauw (2002), a two-step propensity score (PS) procedure was applied. If the income requirement does not influence the estimated results, no significant difference is found between the two-step PS and the IV estimates.
Lastly, we ascertain that the causal estimates are robust within specific population subgroups. We emphasize that, in this analysis, significant differences may emerge because the CSG was designed to focus on poor households which had been excluded from social assistance programs during apartheid (Pauw and Mncube 2007) , particularly Africans, and ones living in marginalized rural areas (Lund et al. 2008) . Thus, we expected that the potential outcome would not be homogeneous with respect to the entire population (Angrist 2004) . Hence, as a further robustness check, we used elasticity measures based on the PS estimates, obtained in the two-step procedure, to compare the potential outcome of the subgroups with that of the entire population and account for the differences between them 5 . Since elasticities may be interpreted in terms of the percentage variation in the outcome variable caused by a 1% increase in the treated population, they also allow us to verify whether the CSG program was successful in having a stronger impact on the target subgroups, i.e., the households which are most vulnerable to poverty and food insecurity.
Our results show that the monetary transfers provided by the CSG proved to be effective in increasing total food expenditure per adult equivalent, with an impact, on average, of about R53. The variation is quite large, given that the mean value of food expenditure for adult equivalent is only R500 in our sample. This result was confirmed by a comparison between non-parametric, semi-parametric and parametric estimations and thus is very robust. Our analysis also confirms that the estimated parameters are constant away from the cutoff and that the results are homogeneous across various population subgroups. We may thus interpret the causal effects of the CSG unconditionally to the birth cohorts which are not close to the cutoff. In terms of policy implications, this analysis shows that the CSG did not have a greater effect on the population subgroups which were more vulnerable to food insecurity with respect to the others. When dietary diversity is analysed, we find robust positive results only for carbohydrates, which represent the major food group in the total food expenditure of the treated households (with a share of 23%). This result indicates that the CSG did not lead to significant changes in the dietary habits of the beneficiary households and did not improve the dietary diversity of the poor households.
The paper proceeds as follows: Section 2 describes the dataset and the identification strategy; Section 3 provides an overview of the empirical framework used to estimate the causal impact of the CSG on food expenditure; Section 4 discusses the results, and Section 5 concludes.
2. Identification strategy and dataset 2.1. Identification strategy CSG benefits are provided each month to eligible beneficiaries 6 and are paid to the primary caregiver 7 . As mentioned in Section 1, the eligible population is determined according to a means test and child age, and these criteria have changed over time. Figure 1 shows the timeline of policy 5 This approach is close in spirit to the analysis of Becker et al. (2013) . 6 The grant is given for each beneficiary child up to a maximum of six children per caregiver. The transfer was fixed at a level of R100 per month in 1998, but this increased over years reaching R280 in 2012 (and R320 in 2014) . As from 2008, the amount of the grant has been adjusted every year for inflation.
7 The primary caregiver is defined as the person who takes primary responsibility for meeting the daily care needs of the child, without payment. In 98% of cases, the caregiver is a woman of the household where the child lives (Agüero et al. 2010). changes in the eligible population and in the amount of the grant, from 1998, when the program was introduced, to the last year of our evaluation (2012).
In the case of income criteria, the means test was initially based on household income, and the ceiling was fixed at the nominal level of R800 in urban areas and R1,100 in rural areas for ten years. However, in 1999, to increase take-up rates, the government altered this rule to one which considered only the income of the primary caregiver plus her/his spouse (Agüero et al. 2010; Woolard and Leibbrandt 2010) . Eligibility was expanded again in 2008: the Department of Social Development defined the income ceiling as ten times the value of the grant paid to the single primary caregiver of the child (double for married caregivers), so that the means test automatically keeps pace with inflation (Agüero et al. 2010; Woolard and Leibbrandt 2010 Figure 1 also shows changes in age limit criteria. When the program was introduced in 1998, age eligibility was limited to children under 7 years old, but it was later gradually raised: in 2003, it was extended to children up to their 9th birthday, in 2004 up to their 11th, and in 2005 up to their 14th. From January 1 2010, eligibility was further extended, so that children born after January 1 1994 were eligible until their 18th birthday, whereas those born before that date lost eligibility at 14 (Bor 2013; Van der Berg et al. 2010; Woolard and Leibbrandt 2010) .
Policy changes in age eligibility criteria have been gradual since 2005, whereas in 2010 a large discontinuity in implementation occurred. This discontinuity allows a clear-cut natural experiment to be carried out, by looking at the causal effects of the CSG and comparing the estimates across birth cohorts. We apply this identification structure to analyse the external effect on household food expenditure produced by the sudden increase in the probability of receiving the CSG grant for children aged 14-17, among cohorts born on or after January 1 1994. The analysis is based on a comparison between the food expenditure behavior of households with no eligible children and that with eligible children in the specified cohorts.
Dataset
The National Income Dynamic Study (NIDS) is a dataset implemented by the South African Labour and Development Research Unit (SALDRU) of the University of Cape Town, and represents the first nation-wide panel study in South Africa. The NIDS was available for the waves 2008, 2010-2011 and 2012 , and allowed a face-to-face longitudinal survey of households resident in South Africa. Its aim was to follow a sample of household members and register changes in household compositions and migrations and several dimensions of well-being (e.g., incomes, expenditures, assets, access to social services, education, health, employment).
From the entire dataset, households with no children or with children who were not born in the period 1990-1998 were dropped. This procedure was followed because the evaluation required a sample of households with children in the age range 14-17 who experienced the policy change. Since our panel data covers the period 2008-2012, we needed to include children born since 1990, and to remove those born after 1998, who are always eligible for the CSG. Using this framework, we obtained a sample of households with children in the age range from 10 (in 2008) to 22 (in 2012). We then restricted the data to households with only one child receiving the CSG and also extracted a sample in which the household composition remained unchanged during the three survey periods, to ensure the absence of migration between different provinces and areas. After these modifications, we obtained a sample of 1,336 households with one beneficiary child, for a total of 4,010 units. The dataset provided expenditure data at household level and included both total food expenditure and food expenditure disaggregated by food group. We used these variables due to our interest in analysing aspects of food security related to economic access to a sufficient quantity of food, and to the the quality of food consumed (Hoddinott and Bassett 2008; Hoddinott and Yohannes 2002) .
In more in detail, the first variable of interest is monthly food expenditure at household level, adjusted by an adult equivalent scale 8 . The other variables were obtained by disaggregating the 8 The variable is the result of the aggregation of four separate sources of food expenditure: i) expenditure for food items; ii) value of food items received as gifts; iv) value of food items received as payment; v) value of self-produced food items. To obtain the total food expenditure, the survey considers 32 food items in ten major categories: i) cereals, ii) meat, iii) fish, iv) dairy products, v) fats, vi) fruit, vii) vegetables, viii) sweets, ix) beverages, x) other food expenses. In order to yield expenditure at constant prices, it was adjusted according to the monthly and provincial total food expenditure per adult equivalent into four food groups: i) carbohydrates, given by the sum of the expenditure on cereals such as samp, flour and bread, mealie meal, rice and pasta; ii) dairy products, iii) proteins, given by the sum of expenditure on meat and fish; iv) vitamins, comprising expenditure on fruit and vegetables. Analysis of food groups was carried out for the period 2008-2011, since NIDS stopped reporting such data after 2011. Table 1 reports means and standard deviations (s.d.) for the outcome variables in question, separated into control and treatment groups. As an initial outcome, the first raw data show that considerable differences arise when the total food expenditure per adult equivalent is considered: the mean in the treated group is about R394, compared with about R556 in the control group. The standard deviation is also much higher in the control group.
In addition, when the four shares of food expenses in the total food expenditure per adult equivalent are compared, Table 1 shows that the largest difference between treated and control groups regards the mean value of the share of carbohydrates, which is about 6 % higher in the treated group. As shown in the literature, the poorest people in South Africa have little variety of diet and consume more cereals and fewer items in other food groups compared with the rest of the population 9 . Table 2 lists household characteristics in the entire sample (for both periods, 2008-2012 and 2008-2011) and both groups. In the sample for 2008-2012, the first remarkable difference between the groups is due to the share of households living under the food poverty line 10 , defined as the threshold under which individuals cannot purchase sufficient food to provide them with an adequate diet. This share is 44% of treated units and only 32% of controls. Other significant differences are found when geographical location, race, gender and employment status are considered. In more detail, we find that the majority of households in the treated group live in rural areas (57%), and also have household heads who are Africans (86%), women (69%) and receiving no education (26.5%), compared with the control group.
Consumer Price Index (CPI) (December 2012 = 100). Household food expenditure was also adjusted according to a per adult equivalent scale, to account for economies of scale at household level. Following Woolard and Klasen (2005) , we applied the formula commonly used for poverty and welfare analyses in South Africa, thus obtaining the total food expenditure per adult equivalent at constant price (Adult Equivalent Scale = Household Income (Adult + 0.5 * Children) 0.9 ). 9 For an extensive discussion on dietary diversity in South Africa, see Labadarios et al. (2011) and South African
Department of Health (2013).
10 For the definition of the two poverty lines, see del Ninno and Mills (2015) and Appendix A. 
Empirical framework
An RD design is as good as random in the neighborhood of the discontinuity cutoff (local random assignment), when the observed individuals do not have complete control over the variable which assigns them to treatment 11 (Lee 2008; Lee and Lemieux 2010) . In the case of the CSG, access to three more years of transfers is determined by the children's age. As a consequence, individuals have approximately the same probability of receiving an assignment variable which is just above (receiving treatment) or below (denied treatment) the cutoff date of the treatment, and internal validity is not a problem. In this case, local random assignment implies that the discontinuity gap at the cutoff identifies the treatment effect of interest (τ ), or that:
where X is the assignment variable (in our analysis, the birth cohort of children) which is deterministically related to crossing cutoff c (January 1 1994), Y is the outcome variable of interest, and determines the neighborhood in which local random assignment is satisfied.
Since participation in the CSG program was not compulsory, some households with eligible children did not apply for the grant. Thus, treatment variable T ∈ {0, 1} is not deterministically related to the cutoff and a fuzzy RD design is required. In this way, we take into account the fact that only for those households which applied to the program and gained eligibility to three more years of the CSG we may expect a variation after crossing the cutoff related to the year of birth. A further assumption must also be satisfied to identify the fuzzy RD design:
where the continuity assumption refers to the probability of being treated by the CSG in the neighborhood of the cutoff. Therefore, in the fuzzy RD design, the treatment effect is obtained by dividing the increase in the relationship between Y and X at c (equation 1) by the difference of the probability that applicant households will be treated before or after the cutoff (equation 2). The treatment effect in the fuzzy RD design (defined as τ F ) is:
When the local random assignment holds, equation 3 provides an unbiased estimate of a weighted version of the LATE, in which the impact of the program is evaluated on individuals who were assigned to the treatment group and actually participated in it (compliers) compared with those who were assigned to the treatment group but did not participate in the program (non-compliers) (Jacob et al. 2012 ).
The first approach followed here was to estimate equation 3 through a local polynomial (LP) estimator, which approximates the regression functions above and below the cutoff by means of weighted polynomial regressions, with weights computed by applying a kernel function to the distance of each observation from the cutoff 12 . The LP does not impose any functional form or introduce any relevant characteristic of the household and, hence, represents a benchmark for parametric and semi-parametric estimations. It is also useful for inspecting the link between assignment variable X and treatment variable T , described in equation (2).
In addition, since equation 3 shows a close analogy between the fuzzy RD design with the Wald formulation of the treatment effect, an IV setting can also be applied. It requires the monotonicity and excludability related to the assignment variable when crossing the cutoff (Hahn et al. 2001) . When these assumptions hold, the treatment effect in the fuzzy RD design can be written as:
where Y (0) and Y (1) represent the values of the outcome variable before and after the cutoff, respectively. To estimate equation 4 in an IV framework, when the monotonicity assumption holds, we impose a linear form on the two-sided relationship among the assignment variable, the treatment dummy and the outcome variable 13 . The first-stage regression is:
where W is a matrix of the relevant characteristics of households and heads of households, Ψ is an error term, and a second-order polynomial time trend (trend and trend 2 ) is included to take into account non-linear patterns of food expenditure 14 .
Regional D r and district D m dummies and their interactions with the second-order polynomial time trend are also introduced. The reduced form equation is:
Lastly, the IV estimates of the outcome variable are obtained by the ratio of the reduced-form coefficients of the assignment variable in equations 6 and 5, that is, δ 1 = β 1 /α 1 . The structural 12 The main shortcoming of the LP approach concerns the choice of the most appropriate bandwidth. We follow Calonico et al. (2014) for the best choice.
13 As stressed by Jacob et al. (2012) , more sophisticated functional forms may also be used as robustness checks of the linear formulation.
14 We apply to food expenditure the procedure used by Pieroni et al. (2013) and Pieroni and Salmasi (2015) to capture non-linear patterns in food consumption.
equation is:
To account for non-linearities, we also present estimation results which were obtained by introducing a third-degree polynomial of the assignment variable into equations 5, 6 and 7. In order to check for the external validity assumption, we must also verify whether the outcomes of the treated and non-treated groups away from the cutoff are constant. In this perspective, we analyse the constancy of the LATE when the considered birth cohorts are far from the January 1 1994 cutoff by comparing the results obtained by the IV with the IDW estimators (Pieroni and Salmasi 2015).
Since we can only identify the impact of the CSG on the outcome variable caused by the variation of the age limit, but we do not have complete control over the effects of the change in the income eligibility rule, the selection process is not perfectly known and an omitted variable bias may arise in the estimations. In addition, households are able to manipulate their income threshold. Thus, the internal validity assumption may also turn out not to be realistic anymore. Following van der Klaauw (2002), the selection bias may be overcome by replacing T with its propensity score E[T |X] in equation 5. In this case, a two-step procedure is required and, thus, in the first stage we specify the PS function in the fuzzy RD design (van der Klaauw 2002; You 2013). The propensity score in the RD framework thus reads:
where f (X) is a continuous function in c which may be estimated parametrically or semi-parametrically. In the present context, it is defined as a third-degree polynomial of the assignment variable.
The estimated propensity score can then replace treatment variable T in equation 7 to estimate δ 1 . The second-step equation is:
so that we can compare the parameters estimated with the IV method with those obtained with the two-step PS procedure.
Lastly, we recall that the potential outcome in specific population subgroups may not be homogeneous with respect to the entire population (Angrist 2004) . Hence, we calculate elasticity measures based on the PS estimates obtained in the two-step procedure, and carry out a a further robustness check by comparing the result of the subgroups with that of the entire population, to verify whether significant differences emerge.
In more detail, we extend equation 9 by introducing interaction terms between the PS estimates and the dummy variables describing, one by one, five subgroups of the population which may present substantial differences in the potential outcomes. Defining the matrix including the five interaction terms as W 2 , we obtain:
where, to allow for the correct identification of equation 10, we must assume that the interaction variables are continuous at the cutoff and uncorrelated with the error term, conditional on W (Becker et al. 2013) . With the estimated parameters, we construct elasticity measures using the integration terms and PS estimates. The elasticity measures allow us to compare the effects of policy changes on varying population subgroups and to interpret the results in terms of the percentage variation in the outcome variable caused by a 1% increase in the treated population.
Results and robustness analysis
This Section presents the estimates of the causal effects of the CSG on total food expenditure per adult equivalent and shares of food groups. The results for the full sample 2008-2012 are given, together with those excluding 2012 for the shares of food groups. Figure 2 shows the results of the estimation of equation 2, which links assignment variable X (the birth cohort of children) to treatment status T (the probability of participating in the CSG), with the LP estimator. A comparison of the two plots confirms the fuzzy nature of the RD design showing that, one month after the policy change, about 3% (7% in the second sample) of households participated in the CSG. The probability of entering the program rapidly increases along the birth cohorts, reaching about 70% of the households in 1998. Figure 3 , panel (a) shows the estimates of the causal effects of the CSG on the first outcome variable, total food expenditure per adult equivalent, obtained through the LP estimator. The other four panels replicate the same analysis, being outcome variables the shares in total food expenditure of: i) carbohydrates, ii) dairy products, iii) proteins, and iv) vitamins. Figure 2 , clearly shows a discontinuity in the food expenditure per adult equivalent around the January 1 1994 cutoff: before that date, the expenditure pattern remained quite constant along the birth cohorts, but after it participant households showed an increase in food expenditure per adult equivalent of about R50. .7
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1 A similar pattern is also found in the shares of carbohydrates and dairy products in total food expenditure, in panels (b) and (c) respectively. In both cases there is a positive variation in expenditure shares after the cutoff due to the expanded CSG age eligibility rule. Conversely, a poorly defined result appears for the protein share (panel d), and no discontinuity in the vitamin share (panel e). As the last four plots were obtained with data up to 2011, i.e., only one year after the policy change, and as the LP estimator requires an extensive number of observations, these results should be considered with caution.
Lastly, when the five plots are compared, a third-degree polynomial is used by the LP estimator to approximate the total food expenditure patterns, although, except for the protein, a linear functional form approximates the behavior of the variables in the neighborhood of the cutoff quite well. Table 3 lists the estimates of food expenditure per adult equivalent, comparing the results for the IV, IDW and two-stage PS estimators. In each case we consider a linear functional form (1) an then a non-linear one (2), which uses a third-degree polynomial, as suggested by the LP estimator. When the results obtained from the two-step PS estimator are analysed, the non-linear form is introduced in f (X), as in equation 8. Notes: In all specifications, dependent variable is total food expenditure per adult equivalent (see the list of the selected covariates in Section 2). Robust standard errors are shown in brackets. Asterisks: p-value levels ( * p < 0.1; * * p < 0.05; * * * p < 0.01). For each model, linear (1) and non-linear specification (2) is shown. When two-step PS procedure is applied, non-linearities are introduced only in first-stage regression. Tests for weak instrument hypothesis and first-stage F statistics and Wald statistics based on Cragg and Donald (1993) and Kleibergen and Paap (2006) . † Confidence intervals for Kleibergen-Paap F test statistic follow Bazzi and Clemens (2013) . Notes: The dependent variables are shares of food groups in total food expenditure per adult equivalent. In all specifications, dependent variable is total food expenditure per adult equivalent (see the list of the selected covariates in Section 2). Robust standard errors are shown in brackets. Asterisks: p-value levels ( * p < 0.1; * * p < 0.05; * * * p < 0.01). For each model, linear (1) and non-linear specification (2) is shown. When two-step PS procedure is applied, non-linearities are introduced only in first-stage regression. Tests for weak instrument hypothesis and first-stage F statistics and Wald statistics based on Cragg and Donald (1993) and Kleibergen and Paap (2006) . † Confidence intervals for Kleibergen-Paap F test statistic follow Bazzi and Clemens (2013) .
All specifications include province and district dummies, and also linear and quadratic trends to account for the non-linear patterns of food expenditure (Pieroni et al. 2013; Pieroni and Salmasi 2015) , together with the household and head of household characteristics (see Section 2). For each specification, we test for weak instruments. In more detail, we run a test for weak instruments and report first-stage F statistics and Wald statistics based on the Cragg and Donald (1993) and Kleibergen and Paap (2006) generalisation to non-independently and non-identically distributed errors, together with the p − values (Bazzi and Clemens 2013) .
Overall, we find that the non-parametric and parametric estimations show very similar variations, due to the CSG policy change. That is, from the linear (1) and non-linear (2) specifications of the IV estimator, we find a variation in food expenditure per adult equivalent which ranges between R54 and R55 and this variation is significant at 1%.
Considering the full sample (see Table 1 ), this variation corresponds to a mean increase of 10% in total food expenditure per adult equivalent. The under-identification and weak instrument tests show that the assignment variable accounts for the entire endogeneity appearing in the IV estimations.
Moving to columns 3 and 4, we use the IDW estimator to check for the constancy of IV results in the birth cohorts away from the January 1 1994 cutoff. Both linear and non-linear specifications show that the estimated parameter does not differ, in terms of standard deviation, from other estimated with IV method. Also in this case, first-stage tests show that the instrument is neither under nor weakly identified.
A similar result is found when the two-step PS is compared with the IV results. It should be noted that the two-step PS is used to analyse the robustness of the results when the identification mechanism is not completely known. In the present case, it shows that variations in participation in the CSG caused by the change in the income cutoff do not affect the IV results, since there are no differences in the standard deviations between the IV and two-step PS estimates. This result is not surprising, because the program does not implement any proper control of the households' income level after they pass the initial means test and are involved in the program. Table 4 extends the previous analysis to the shares of food groups in the total food expenditure per adult equivalent. In depth, the table compares the results from a linear specification of the IV and two-step PS estimations 15 . The results for the IDW estimator are given in Appendix B.
When the carbohydrate share is analysed, we find a variation of about 2% in expenditure produced by the policy change. Again, this result is similar to that found by the LP estimator and does not change in the two-step PS and IDW estimations (not reported). Less robust but still significant results are found when the shares of dairy products and vitamins are accounted for in the IV specification: the beneficiary families increase the share of expenditure for diary products by 0.8% and that for vitamins by 1.2%. However, these results become non-significant at 10% level when the two-step PS and IDW estimators are used. Instead, no significant variations are found when the share of proteins in total expenditure per adult equivalent is examined.
It should be emphasized that carbohydrates are the major food item consumed by the treated households (on average, 23% of total food expenditure per adult equivalent), and these results thus indicate that the program grants were not sufficient to allow the beneficiary households to make significant changes in their dietary habits. However, we must also use caution because, when considering food shares, the restricted sample (2008-2011) may be too short to account for the whole effect of CSG policy change. To complete the analysis, Figure 4 shows the elasticity measures for total food expenditure per adult equivalent and the share of carbohydrates. We do not report the other three panels (for dairy products, proteins and vitamins) since the estimated parameters are not robust across differing estimation methods (see Table 4 ). Figure 4 shows the results for the total population and some population subgroups, which are the households under both the food poverty line and the poverty line, households in which the head is an African and households living in rural and urban areas. It should be recalled that the main targets of the CSG program are the subgroups most vulnerable to poverty and food insecurity, i.e. households living under the food poverty line, Africans, and those living in rural areas. The elasticity measure allows us to compare the various subgroups with the entire population in terms of the percentage effect of the variation in their participation in the program after the policy change and to check its homogeneity. Figure 4 , panel (a) shows that, although some differences between the subgroups and full-sample estimates are found, all the subgroups elasticities plot in the same confidence interval as the fullsample elasticity. In this case, the analysis shows that a 1% variation in participation in the program produces a 3% increase in total food expenditure per adult equivalent, at a significance level which is less than 5%.
We find a higher variability when the rural/urban groups are analysed. Figure 4 shows that a 1% increase in participation in the program for the households living in urban areas produces a positive variation in the food expenditure per adult equivalent, which is double that estimated for rural areas. This result may be explained by the fact that rural areas in South Africa are geographically isolated and marginalised, so that food availability is a serious problem (Kirsten 2012) . Several studies have found a higher percentage of food insecurity in rural areas in South Africa (Kirkland et al. 2013) . However, we must also recall that, as Aliber (2009) stresses, rural households spend less than their urban counterparts on food purchases because they have their own production. In principle, measures of food expenditure are designed to capture this information, but the imputed value is probably smaller than the true one. In this case, the effect of the CSG on food security in rural areas in our analysis would be underestimated.
When the carbohydrate share is analysed, we find more variability between the full-sample elasticity measure and those for the population subgroups, but the results are significant at 5% level only for households under the food poverty line and ones in which the head is African. In more detail, the elasticity measure for beneficiaries under the food poverty line is about double that of the full sample, even though it falls in the same confidence interval. This result is in line with existing literature, which states that poor dietary variety is a problem concerning mainly the poorest people, who consume far more cereals and fewer fruit, vegetables, dairy products and meat than other population subgroups (Labadarios et al. 2011; South African Department of Health 2013) . In the case of the subgroup of households with an African head, the elasticity is very close to that of the full sample.
Overall, these results indicate that the CSG has proved to be effective in supporting the food expenditure of its beneficiary households, but the amount of the grant is not high enaugh to produce a significant change in the dietary habits of very poor beneficiaries and to guarantee a nutritionally varied food basket. Our findings also show that the CSG has failed to improve the food security of the most disadvantaged groups with a greater effect than in the others. This study suggests that an integrated social protection program, specifically targeting adequate resources and social services to the most food-insecure households, would contribute more effectively to increasing food and nutrition status of very poor households in South Africa.
Conclusions
This paper estimates the impact of the South African CSG on food security. We used the dataset provided by the National Income Dynamics Study covering 2008, 2010-2011 and 2012 , and carried out an RD design to estimate the effect caused by the program on total food expenditure per adult equivalent and dietary diversity. Our results show that the transfers provided by the CSG have proved to be effective in increasing total food expenditure per adult equivalent, which rises by about R53. This variation is quite large, as the mean food expenditure per adult equivalent in our sample was only about R500. This result is very robust, being confirmed by a comparison among nonparametric, semi-parametric and parametric estimations. Our analysis also confirms the constancy of the estimated parameter when the cutoff diverges, which means that we can interpret the causal effect of the program unconditionally to it.
When dietary diversity is analysed, we find robust positive results only when the share of carbohydrates in the total food expenditure per adult equivalent is included. Since this is the largest food group consumed by the treated households (23% of total food expenditure), this result indicates that the CSG has not been effective in making significant improvements in the dietary habits of the beneficiary households.
Lastly, the estimates of the elasticity measures for total food expenditure and the share of carbohydrates do not show any significant differences among differing population subgroups. This means that the statistical results are homogeneous. It also suggests that the CSG, at variance with its stated objective, has not produced a significantly stronger effect for the poorest population subgroups who are the most vulnerable to food insecurity.
Overall, the policy implication of our study is that the current design of the CSG, which only provides a small grant for each beneficiary child, and its strategy of gradually raising the eligible population, has not been appropriate to guarantee a significant reduction of deprivation for the most vulnerable households. A more effective approach would be to implement a specific, comprehensive strategy to reduce food insecurity and deliver additional grants and ancillary social services to the most vulnerable households. In addition, income-generating programs and enhancement of small-scale agricultural activities remain crucial in increasing household access to food in the most poverty-stricken areas, which are the rural ones. 
